INTRODUCTION
An important issue when assessing dietary intake among populations is how to describe usual intake, which is defined as long-run average of daily intakes. 1 Short-term dietary methods such as 24-h recall (24-hr) and food records are useful for providing rich details regarding types and amounts of food items consumed, such as brand names, food preparation methods, household measures and recipes. 2 However, a single recall is not sufficient to reproduce the usual food and nutrient intakes by individuals or groups because of normal day-to-day fluctuation of intake, also known as within-person variation. 3, 4 Considering that administering several 24-hrs per individual in large epidemiological studies is difficult, because it is time-consuming, costly and respondent burdensome, several statistical methods were developed in the last years to adjust for the within-person variation and to estimate usual intake, such as the National Cancer Institute (NCI) 5 method and Multiple Source Method (MSM). 6 These methods, however, face their limits especially when episodically eaten foods are considered. This is because many consumers do not consume all foods every day, leading to days of zero intakes for the population who did not eat these foods on the collection day. If only two or few 24-hrs are collected, usual intake of such foods is difficult to estimate. In this sense, the collection of a food frequency questionnaire (FFQ) may offer useful additional information of the frequency of food consumption. 7 Both MSM and NCI methods allow the inclusion of the frequency of consumption as a covariate on the prediction model. Such information can be useful for two purposes. First, to identify usual consumers and usual nonconsumers of a given food. If someone reports no consumption in a 24-hr it does not necessarily mean that they do not consume, even occasionally, that food. In a long-term instrument such as FFQ participants report how often they usually consume a food or if they do not consume at all. Second, as covariate to improve the prediction given the correlation between frequency of consumption from an FFQ and amount of consumption from a 24-hr. 8 In this sense, it is recommended the additional collection of food frequency consumption when it is desired to estimate usual consumption of episodically consumed foods. 7, 9 However, it is not clear yet how much the inclusion of an FFQ can improve the prediction, and even if it is worthwhile to invest in a time-and money-consuming additional food frequency collection. There are few published papers that estimated the usual food intake using the FFQ as covariate and they pointed out to a small difference in the vegetables, fruits and fish consumption, estimated with and without the FFQ. 9 The aim of this paper is to verify the performance of the frequency of consumption as variable for prediction of the usual intakes of foods and food groups on population level.
MATERIALS AND METHODS

Study population and data collection
For this analysis, a subsample of the population-based survey 'Healthy Survey-Sao Paulo', 10 a cross-sectional study of health and living conditions among a representative sample of individuals living in São Paulo, southeastern Brazil, in 2008, was used. It was invited all participants to answer two nonconsecutive 24-hr and one FFQ. In total, 725 subjects answered the inquiries, of which 93% answered the second 24-hr, which is enough to estimate usual intake of episodically consumed foods with good precision. 11 The multiple-pass method for intake collection by 24-hr was applied by trained interviewers. This method uses three distinct steps to collect information about a participant's food intake: (1) respondents are asked to recall everything they ate the previous day; (2) respondents are asked to clarify any foods mentioned in the previous step; and (3) the interviewer reviews the list of foods mentioned and probes for additional eating occasions. 10 The sampling days for all participants covered all the days of the week. Foods reported in each 24-hr were critically reviewed to identify any failures related to the descriptions of the food consumed or to food preparation techniques, including their apportioning and quantification. The food list of the FFQ was elaborated based on data of consumption from a previous release of the Healthy Survey-Sao Paulo carried out in 2003. 12 The foods extracted from the 24-hr were grouped accordingly to the food items listed in the FFQ, so they were similar and comparable. Participants were asked to report how often they consume each food item on a daily, weekly, monthly or yearly basis, which covered the same time frame of the 24-hr collection days. For purposes of analysis, the frequencies of consumption from the FFQ were transformed in daily frequency of consumption.
Usual intake estimation MSM method. In this method, the frequency of consumption can be included in two moments: (1) as covariate, in the field 'Specify the MSM regression model' of the software, to define the model for intake prediction; and (2) in the option 'Consumption frequency variable' to identify usual consumers and usual nonconsumers. In the latter, the method recode the FFQ variable and to assign to an automatically defined indicator variable the values: 0 indicating no consumption on any of the two 24-hr day and frequency of consumption equal to zero (which means that a person is considered a usual nonconsumer of a given food); and 1 indicating positive consumption on any 24-hr day or on the FFQ (which means that a person is considered a usual consumer). In this case, the FFQ does not work as a covariate and will be referred as indicator variable. The usual intake for each food was estimated from the following models: (a) with no covariates; (b) with only FFQ as covariate; (c) with FFQ as covariate plus indicator variable; and (d) with only the indicator variable. This step was performed using the MSM web-based software (available at https://msm.dife.de).
NCI method. In this method the indicator variable is not automatically generated and should be created a priori of the analysis. Then, we defined an indicator variable for each food according to the criteria stated above for the MSM. Differently of the MSM, in the NCI method the indicator variable works as covariate. The usual intake for each food was then estimated from the following models: (a) with no covariates; (b) with only FFQ as covariate; (c) with FFQ plus the indicator variable as covariates; and (d) with only the indicator variable as covariate. The FFQ and the indicator variable were included as covariate in both probability and amount parts of the NCI method. This step was performed using the DISTRIB and MIXTRAN macros version 1.1 (available at http://riskfactor.cancer.gov/diet/ usualintakes) for the SAS software (SAS Corp., v. 9.2, Cary, NC, USA).
The Akaike information criterion value, a measure of the relative goodness of fit of a statistical model, of each model was used as parameter where lower values are indicative of better fit. Spearman's coefficients were calculated to assess the correlation between daily food frequency (from the FFQ) and amount consumed in grams or milliliters (from the first 24-hr). The foods items were arbitrarily chosen according to their percentage of consumption equal to zero and ranged from 17% for rice to 81% for cheese.
The study protocol was reviewed and approved by the Ethics Committee at the School of Public Health, University of Sao Paulo. All individuals or their legal guardians signed the consent form.
RESULTS
The percentage of individuals who reported positive consumption in both 24-hr and positive frequency in the FFQ, as well the percentage of usual nonconsumers, is shown in Table 1 . For all foods, the percentage of usual nonconsumers was less than the percentage of individuals who reported no consumption by the FFQ. In all, 23% reported no consumption of soft drink in the FFQ, but 6% of these reported positive consumption in at least one 24-hr collection day. This percentage was 4.5, 4.2 and 4.0 for cheese, milk and cookies and crackers, respectively. Spearman's correlation coefficients between daily frequency of consumption by the FFQ and amount consumed by the 24-hr were positive and statistically significant for all foods ( Table 1) .
The Tables 2 and 3 show percentiles of usual food intakes estimated from each model according to MSM and NCI methods. In both methods, for foods that are consumed every day or almost every day (rice, meat, processed meats, fruits and vegetables) the inclusion of the FFQ and/or the indicator variable as covariates resulted in similar percentiles of consumption when compared with the model with no covariates. For episodically consumed foods, the use of covariates resulted in a slightly better prediction. However, the estimated percentiles of consumption and the Akaike information criterion values were similar between model with only the indicator variable and model with FFQ plus indicator variable.
DISCUSSION
The inclusion of the frequency of consumption in a model to estimate usual food intake, particularly those episodically consumed, has been suggested once it is assumed to be predictive for consumption of a food or food group on population level. 7 In this study, however, we observed a small or irrelevant difference on the estimated usual food intake distribution when an FFQ was included as covariate.
The first advantage of the inclusion of the food frequency information is supposed to be related to its usefulness in defining usual nonconsumers. In the case of the NCI method, the inclusion of the FFQ per se was not sufficient to assign consumption equal to zero to the percentage of the population who is usual nonconsumers for a given food or food group. We found that some individuals reported frequency of consumption equal to zero but positive consumption from the 24-hr to a given food. Consequently, the residual variance increases and the model predict positive consumption even to who are usual nonconsumers. For example, for soft drinks, 17% was considered as usual Individuals who reported no consumption on any of the two 24-hr day and frequency of consumption equal to zero.
Usual intake of episodically consumed foods E Verly-Jr et al Usual intake of episodically consumed foods E Verly-Jr et al Usual intake of episodically consumed foods E Verly-Jr et al nonconsumers but the model with the FFQ as covariate predicted consumption for the entire group, as it can be seen at 5th and 10th percentiles corresponding to an estimated usual intake of 8.5 and 14.7 g, respectively. Nonetheless, when including the indicator variable simultaneously with the FFQ, the models were able to predict consumption equal to zero for whom were defined as usual nonconsumers, as can be seen for estimates of consumption of coffee, milk, cheese and soft drinks. Thus, when using NCI method, investigators are advised to consider the inclusion of the indicator variable to define usual consumers and usual nonconsumers. In the MSM, as it automatically defines an indicator variable for each food, the model with only the FFQ set in the field 'consumption frequency variable' was able to define usual consumers and usual nonconsumers with no additional information.
The second point about the use of the food frequency consumption regard its ability to improve the food intake prediction. The results of this study suggest that the inclusion of a FFQ as covariate may not result in a better fit and consequently in a better intake prediction. It happened even when the correlation between frequency and amount of consumption is statistically significant. The percentiles of intake estimated from a model with no covariates as well as the Akaike information criterion value were similar to those estimated from a model with FFQ. Interestingly, in both methods the percentiles of intake estimated from the model 'FFQ þ indicator variable' were similar to the percentiles estimated from the model with only the indicator variable. It is argued that these differences on intake at each percentile, in grams or milliliters, can be judged as irrelevant under a public health perspective. The greatest difference comparing the model 'FFQ þ indicator variable' to the model with only the indicator variable was observed for soft drink: 26.7 ml at 95th percentile (MSM) and 16.0 ml at 90th percentile (NCI). Then, when the collection of an FFQ is unviable, researchers may instead use an indicator variable as covariate to estimate usual intake of episodically consumed foods. This variable can be obtained by application of a single additional question asking if one consumes or not a give food.
Regarding foods that are consumed every day or almost every day (low percentage of intake equal to zero) such as fruits, beans and processed meats, the inclusion of an FFQ or an indicator variable did not result in a better prediction. Then, that additional question can be limited to an established list of foods that are episodically consumed. Future researches will be helpful to find out which foods need this additional question as well as the validation of this questionnaire to distinguish usual consumers and usual nonconsumers.
It is noteworthy that there were fewer individuals who were considered usual nonconsumers than those who reported no consumption from the FFQ. It could in someway put in check the comparability between the instruments regard the food intakes they are measuring. Nonetheless, it was not the case for almost all foods, and the greatest discrepancy was related to soft drink, as 23% reported no consumption from the FFQ but 17% was usual nonconsumers. In fact, it may occur in a more extent for a food than another, as the responses to FFQ are based on an accumulated mental image of a typical long-term diet, and are not sensitive to fluctuations over short periods. 13 In this sense, someone who no longer consume soft drink but are used to some months ago might report no consumption in the FFQ because they do not see this behavior as being part of their current food pattern. Then, even when a 24-hr is collected in a time frame covered by the FFQ, this misreporting may occur, as the case of this study. Beside, it is possible that intake of foods usually recognized as unhealthy, such as soft drinks, might be reported as being consumed in a lower frequency than they really are.
In conclusion, for foods that are consumed every day or almost every day, the inclusion of the FFQ did not result in a better prediction. In the case of episodically consumed foods, the use of the FFQ and an indicator variable as covariate, in the NCI method, or the use of the FFQ as covariate plus an indicator variable resulted in a better prediction. It is noteworthy that the model with only an indicator variable estimated similar values, so that its use instead of an FFQ is possible.
